Groundwater is one of the major resources of the drinking water in Sagar city (India.). In this study 15 sampling station were selected for the investigations on 14 chemical parameters. The work was carried out during different months of the premonsoon, monsoon and post-monsoon seasons in June 2009 to June 2010. The multivariate statistics such as principal component and cluster analysis were applied to the datasets to investigate seasonal variations in groundwater quality. Principal axis factoring has been used to observe the mode of association of parameters and their interrelationships, for evaluating water quality. Average value of BOD, COD, ammonia and iron was high during entire study period. Elevated values of BOD and ammonia in monsoon, slightly more value of BOD in post-monsoon, BOD, ammonia and iron in pre-monsoon period reflected contribution on temporal effect on groundwater. Results of principal component analysis evinced that all the parameters equally and significantly contribute to groundwater quality variations. Factor 1 and factor 2 analysis revealed the DO value deteriorate due to organic load (BOD/Ammonia) in different seasons. Hierarchical cluster analysis grouped 15 stations into four clusters in monsoon, five clusters in post-monsoon and five clusters in pre-monsoon with similar water quality features. Clustered group at monsoon, postmonsoon and pre-monsoon consisted one station exhibiting significant spatial variation in physicochemical composition. The anthropogenic nitrogenous species, as fallout from modernization activities. The study indicated that the groundwater sufficiently well oxygenated and nutrient-rich in study places.
Introduction
Good drinking water quality is essential for the well-being of all people which has affected the health and economic status of the populations. Groundwater is the major source of water for drinking, agricultural and industrial desires 1 . In this study, concentrations of chemical parameters such as pH, DO, BOD, COD, alkalinity, chloride, o-phosphate, nitrate, TDS, conductivity, TH, fluoride, ammonia and iron in groundwater samples were determined by using standard analytical methods 2 . Multivariate analysis is a statistical technique for simultaneous analysis of two or more variables observed from one or more sample objects. The main objective of this analysis was to estimate the extent or amount of relationship among the variables along with the study of mean, deviation, variance and some other characteristics 3 . Principal component analysis, factor analysis, cluster analysis and similarity matrix analysis are the main components of the interdependent multivariate analysis and are also called data reduction techniques. Multivariate statistical techniques help in the interpretation of complex data matrices to better understand the water quality and ecological status of the studied systems and allows for identification of the possible factors that are responsible for the variations in water quality and offer valuable tool for developing appropriate strategies for effective management of the water resources 4 . The objective of the study was to analyze the 14 parameters of water along 15 locations of Sagar city for 3 seasons (pre-monsoon, monsoon and post-monsoon during June 2009 -June 2010). The obtained water quality data was subjected to multivariate statistical techniques to evaluate homogeneity and heterogeneity between sampling stations and to differentiate water quality variables for temporal variations in the Sagar city 5 .
Experimental
All the chemicals used were of AR grade. Analysis was carried out for various water quality parameters (Table 1) were measured by using Standard methods. Sagar city was chosen as study area, 15 locations were selected based on domestic, agricultural and industrial activities. Water samples were collected from 15 stations for pre to post-monsoon seasons, three each during June 2009 to June 2010 by using standard methods (APHA). Results obtained were subjected to multivariate statistical analysis 10-11 using SPSS.11, Winks SDA 6.0.5 and MVSP statistical software. The multivariate statistical analysis has been performed using standard methods. 
Study area and collection of water samples
Groundwater samples were collected from in and around Sagar city. Each water sample was taken every month during June 2009 to June 2010. The samples were collected in prewashed (with detergent, diluted HNO 3 and doubly de-ionized distilled water, respectively) clean polythene bottles without any air bubbles and tightly sealed after collection and labeled in the field. The temperatures of the samples were measured in the field on the spot at the time of sample collection. The samples were immediately analysed in the chemistry lab to minimize physicochemical changes. The error due to time has been omitted for the present study 6 . Determinations of the major ions, physical and other chemical properties of the water samples were performed on the same day of sampling. Each sample was analysis using procedures outline in the standard methods for the examination of water and wastewater as suggested in APHA 7 . Chemical analysis results compared with standard guideline produced by WHO 8 /IS: 10500 9 .
Results and Discussion
Descriptive statistics (minimum, maximum, mean and standard deviation) of each data set of chemical parameters is given in Table 2 , 5 and 8.
Seasonal analysis
Mean values were taken into consideration as characteristic values to see the differences during 3 different seasons ( Table 2 , 5 and 8). The average values of BOD, ammonia and iron recorded highest in monsoon compare to post-monsoon, which could be due to acidification of water by elevated microbial degradation of organic debris and concentrated dissolved solids in monsoon period. As a momentous role of DO amount in water quality of groundwater, the average concentration of DO was highest in post-monsoon period (inversely proportional to temperature) and lowest in monsoon (Increase in phytoplankton and microbial activity) consequently increase in BOD and COD. DO value slightly more at pre-monsoon, Concentrations were all below the WHO permissible limits. The concentrations of the major ions were below the permissible limits given 9 by the WHO/IS: 10500. The lowest and the highest levels of these iron detected ranged between 0.289 to 0.402 mg/L. Average Hardness levels were found to be in the water samples were below the WHO permitted limit, which is 213.11 mg/L.
Factor analysis
Principal component analysis/factor analysis was performed on 14 variables for the 15 different sampling stations in 3 seasons, in order to identify imperative seasonal water quality parameters. The principal component analysis results along with factor loading values and percentage of variance for all stations are presented in Table 4 , 7, 10. An eigen value gives a measure of the significance of the factor: the factor with highest eigen values are the most significant. Eigen values of 1.0 or greater are considered significant. Factor loading is classified as strong, moderate and weak corresponding to absolute loading values of >0.75, 0.75 -0.50 and 0.50 -0.30 respectively. Two factors or PCs explained 90.5, 91.6 and 89 % of the total variance for monsoon to pre-monsoon respectively, which was adequate to give a good initiative of the data structure. Factor 1 of the monsoon accounted for 78.7% of the total variance, which was positively and strongly (>0.75) loaded with eigen values of almost all the parameters except weak loading (.012<0.5) of DO. Whereas in the case of post-monsoon factor 1 exhibited moderate (0.75 -0.5) and positive factor loading of all the parameters except BOD, Ammonia and Iron with 70.25% of the total variance was observed. The first factor in all the seasons only TDS was exhibiting more than 0.8, indicating strong and positive association. In this study each water quality parameter with a strong eigen value (>75%) was considered to be a significant parameter contributing to temporal variations of the water quality in Sagar city. Both organic and inorganic parameters equally contributing and strong factor loadings in water quality variations for 3 seasons. 
Contd…

Cluster analysis
The hierarchical tree diagram provides the analyst with an effective visual condensation of the clustering results. The hierarchical tree diagram is one of the most commonly used methods of determining the number of clusters. It is also useful in spotting outliers, as these will appear as one-member clusters that are joined later in the clustering process. The objective of cluster analysis is to separate the observations into different groups (clusters) so that the members of any one group differ from one another as little as possible, whereas observations across clusters tend to be dissimilar. The grouping can be used to summarize the data or as a basis for further analysis. The affiliation among the stations were obtained through cluster analysis using ward's method (linkage between groups), This method tends to join clusters with a small number of observations and is biased towards producing clusters with roughly the same number of observations, with euclidian distance as a similarity measure and were amalgamated into dendrogram plots (Figures 1 to 2 ). All chemical characteristics were used as variables to show the spatial heterogeneity among the stations as a result of sequence in their relationship and the degree of contamination. There were 4 groups obtained from the monsoon season while pre and post-monsoon season yielded five groups and the likely groupings are summarized below. The fourth group of monsoon, third group of post-monsoon and second group of pre-monsoon are consisted of one station respectively. In the monsoon season group2 and group 3 were exhibiting similar variation in comparison with group 1, providing evidence that former two groups could be categorized as less polluted and latter as highly polluted, due to agricultural and urban run-off into the land. In the case of post-monsoon, increased number of linkages revealed spatial variation among the stations is noticeable and it could be due to inflow of contaminants from point and non-point sources through rain water. The number of stations clustered to form a group is in the sequence of V> I>VII>I>I. The group clustered with a large number of stations construed the spatial similarity in their physicochemical composition amongst them, as influenced by urban run-off. Fourth clustered group of monsoon and third of post-monsoon, second of pre-monsoon consisted of unique station, exhibiting significant spatial variation in physicochemical composition. It related the degree of revelation to human interference and extent of pollutants. The number of clustered groups obtained through dendrogram for pre-monsoon and postmonsoon signifying temporal impact on the groundwater quality too. 
Conclusion
Comparing the mean values of groundwater quality parameters of Sagar city it can be concluded that variables -TDS, TH are slightly higher and Alkalinity, Cl are lower in the post-monsoon period than in the pre-monsoon. On the other hand parameters -BOD, COD, ammonia and nitrate are clearly higher in all the season showed a clear cut temporal effect. Relation of TDS with other variables in factor 1 and strong positive association in factor 2 analysis signifies the role of TDS in determining water quality of the groundwater. By cluster analysis, it is proved that in entire study period alone formed a group with highest Euclidian distance compared to other cluster groups reflecting inflow of organic pollutants and extent of pollution. Second cluster group in monsoon, third cluster group in postmonsoon and fourth cluster group in pre-monsoon period as enunciated by Euclidian distance indicated the noticeable spatial variation among different stations. BOD is out of the highest desirable limit or maximum permissible limit set by WHO except TH, alkalinity and conductivity which recorded high values. Hence, these sample water can be absolutely fit for drinking after disinfectants treatment. The multivariate statistical analysis of the experimentally estimated water quality parameters on water samples yielded the range of the variation, mean, standard deviation and co-efficient of variation. Since the similarity matrix gives (c.f. Table 3 , 6 & 9) the interrelationship between the parameters, correlation coefficients were calculated. After regular monthly monitoring on Results of multivariate analysis show that, all applied water quality parameters are within the permissible limit 8 , 9 set by WHO/IS:10500.
The average of alkalinity has exceeded the desirable Limits, which are due to improper drainage system. In conclusion, from the results of the present study it may be said that groundwater analysis should be carried out from time to time to monitor the rate and kind of contamination. It is need of human to expand awareness among the people to maintain the groundwater at their highest quality and purity levels.
